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(57) Abstract 

An apparatus and heating method for vapor- 
izing liquid fuel within a tank (12) whereby the heat 
of vaporization is supplied from the ambient envir- 
onment by utilizing a metallic foil tank insert (22) in 
heat conductive contact with the tank and the liquid 
fuel. This insert (22) is preferably a lattice of metal 
foil rolled to substantially occupy the tank volume 
and allowing fuel to circulate within. Vaporized fuel 
collects in the upper portion (16) of the tank (12) to 
exit through the valve (14). 
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ImDroved Fuel Tank Vaporization Apparatus and Method 
1 BACKGROUND OF THE INVENTION 

This invention relates generally to tanks for liquified fuel gas such 

as propane or liquified petroleum gas (LPG) and methods for increasing the 

vaporization of the liquid fuel in the tank- In a typical propane or LPG 

5 tank there is generally encountered a metallic tank member designed to 

contain the fuel under pressure having a valve at one end to access the 

contents thereof. Typically, this tank is filled partially or completely with 

propane or liquid petroleum gas. This liquid fuel is then vaporized under 

ambient heat and provides an operating pressure under which the vapor may 

10 be- withdrawn through the tank valve. As vapor is withdrawn, the remaining 
liquid vaporizes and in so doing absorbs heat known as the latent heat of 
vaporization. This causes the temperature of the remaining liquid to 
decrease, which in turn reduces the ability of the remaining liquid to 
vaporize. Consequently, the pressure of the system continues to fall as a 

15 result of the declining liquid temperature due to withdrawal of the vapor. 
Since the heat loss due to the vaporization of the liquid must be replaced 
from the heat in the environment surrounding the container, the tank will 
exhibit decreased function until the liquid temperature is raised. 

In order to supply heat to the liquid to maintain sufficient 

20 vaporization, a couple of approaches have been proposed in the prior art. 
In one such process a conduit is installed within the tank and warm fluid 
passed therethrough. Heat from the pumped fluid is then conducted to the 
fuel through the conduit to maintain a functional temperature. In yet 
another approach described in U. S.. Patent 4,106,914 issued to Kun-Ming, a 

25 recess is formed in the bottom of the tank and an electric light bulb is 
placed therein to supply heat. Both of these systems require energy input 
and both require the use of a heating element in conjunction with a tank. 
Since, these tanks contain an inflammable fuel, any suggestion of heating 
the tank from an external source raises concerns of safety. 

30 in contrast to the foregoing, in the preferred embodiment of 

the present invention,, there is provided a passive heating method for 
vaporizing liquid fuel within a tank whereby the heat of vaporization is 
readily and safely supplied from the ambient environment utilizing a 
conductive foil insert within the tank, thereby improving pressure and gas 

35 flow.. 
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SUMMARY OF THE INVENTION 

It is .therefore an object of the present invention to provide an 
improved fuel tank and vaporization process which does not require 
external heat generation. 

It is a further object of this invention to provide an improved fuel 
tank and vaporization process which uses a safe, passive heat conduction 
method to improve vaporization. 

In accordance with the foregoing objectives of this invention there is 
provided a tank insert comprising heat conductable material positioned in 
contact with the tank walls and arranged to conduct heat therefrom and 
through the insert to the liquid therein. 

Other objects and advantages of the invention will become apparent 
upon reading the following detailed description and upon reference to the 
drawings, in whichr 

Figure 1 is an elevational view cut away of a fuel tank partially 
fined with fuel. 

Figure 2 is a perspective sectional view of the tank of Figure 1. 
Figure 2a is a cross sectional view of the tank of Figure 1. 
Figure 3 is an elevational view of a preferred embodiment of the 
tank insert. 

While the invention will be described in connection with the 
preferred embodiment, it will be understood that we do not intend to limit 
the invention to that embodiment. On the contrary, we intend to cover all 
alternatives, modifications and equivalents as may be included within the 
spirit and scope of the invention as definedby the appended claims. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Turning now to Figure 1 there is shown a conventional fuel tank of 
the type usable with the preferred embodiment of the present invention 
having an outer enclosing member 12, and having affixed to its upper 
extremity a valve 14 arranged to direct flow of vapor from the upper 
section 16 of the tank through the conduit 18 for use in consumer or 
industrial combustion processes. In normal operation liquid stored in the 
tank vaporizes and accumulates in the upper vapor section 16 whereupon it 
is withdrawn as needed. In conventional systems the vaporization of the 
liquid is dependent upon the heat available from the external environment 



through the tank wall 12. Under periods of excessive use the temperature 
of the liquid will be reduced to a point where the vaporization becomes 
limited. This win in turn limit the amount of vaporized fuel available for 
consumption. 

In accordance with the process of the present invention there is 
provided within said tank, and particularly within said liquid filled portion 
of said tank, a heat conductive member 22 arranged to conduct heat from 
the external wall 12 of the tank member throughout the liquid containing 
portion of the tank chamber. In the preferred embodiment of the present 
invention, this insert 22. (see Figure 3) would be formed as a metallic foil 
lattice shaped sheet rolled to conform to the confines of the tank. In this 
arrangement the volume of the liquid filled portion of the tank is criss- 
crossed by numerous metallic foils. While the total volume of the tank is 
reduced to a small extent, considerable volume is retained by using thin 
foils in this lattice network. 

Technically this process increases the wetted surface of the tank. 
Generally, the greater the wetted surface of a tank the greater the amount 
of vaporization capacity of the system. Consequently, a larger container, 
having a larger -wetted surface area, would have a greater vaporizing 
capacity. By incorporating the process of the present invention, providing 
the insert described above, an increase in the wetted surface is achieved 
without changing the size or dimensions of the tank. 

In accordance with the above, the following chart and formula show 
the propane vaporization capacity for tanks not incorporating the insert 
containing a varying percentage of fuel. — 



Percentage of Container Filled K Equals 

60 100 

. 50 90 

40 80 

30 70 

20 60 

10 ■ 45 



Propane Vaporization Capacity at 0° Fahrenheit (in BTU/hour) = D x L x K 
where D = Outside diameter in inches 
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L = Overall length in inches 

K = Constant for percent volume of liquid in container 
This formula allows for the temperature of the liquid to refrigerate 
to -20°F (below zero), producing a temperature differential of 20°F for the 
transfer of heat from the air to the containers wetted surface and then 
into the liquid. The vapor space area of the vessel is not considered since 
its effect is negligible. 

For a standard 100 lb. cylinder the above equation translates to a 
maximum continuous draw of vapor as shown in the following chart. 

VAPORIZATION RATE (100 lb. Propane Cylinders) 

Lbs. of Propane Maximum Continuous Draw in BTTJ per hour at 
— in Cylinder Various Temperatures (°F) 
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This chart shows the vaporization rate of containers in terms of the 
temperature of the liquid and the wetted surface area of the container. 
When the temperature is lower or if the container has less liquid in it, the 
vaporization rate of the container is reduced. 

By utilizing the process of the present invention, improved vapor 
output is achieved. Tests were performed directly comparing the vapor 
output from tanks with a 20 lb. LPG capacity and using a starting regulator 
pressure of 30 psi. Two different vapor flow rates were investigated. The 
tanks containing the insert exhibited higher regulator pressure throughout 
35 the test and produced a larger amount of vapor. In the test, similar Fisher 
Type 64 regulators were used and the vapor manifold system allowed either 
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vapor system to be diverted through a flowmeter (Brooks Rotameter Type 
1110, Tube R-7M-25-1, Float 37469). Although this flowmeter was not 
calibrated for LPG vapor, it provided comparative flow rate data. 

Similar new torches manufactured by Flame Engineering, Inc., were 
used and the vapor flow rate was controlled by downstream torch control 
valves. The tanks were located indoors out of direct sunlight and the 
temperature of the upper and lower position of the tanks was monitored. 

The dataTor the first test is given in Table I. 
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TABLE I (Test 1) 
Tank 1-A Tank 1-B 

SN 15062C SN 15059C 

(Lattice Foil Insert) (Standard Tank) 



15 



20 



25 



30 



35 



Empty weight (lbs.) 
Propane (lbs.) 
Initial weight (lbs.) 
Final weight (lbs.) 
Propane used (lbs.) 
Average BTU/hour * 
* 21,591 BTU/lb.- 



14.75 
20.00 
34.75 
24.50 
10.25 
221,308 



12.75 
. 20.00 
32.75 
22.75 
10.00 
215,910 



The initial pressure of the regulators was 30 psi and the test was 
terminated in one hour. At the conclusion of the test, the tank containing- 
the insert exhibited a higher regulator pressure (4.6 psi versus 3.2 psi) and a 
greater amount of fuel was produced (10.25 lbs. versus 10.00 lbs.). The 
ambient temperature was 78° F throughout the experiment. Initially the 
flow rate reading was 86.4 for both tanks, but after 50 minutes of testing, 
the flow rate scale reading was 33 and 31 for the tank containing the insert 
and the standard tank, respectively. After 30 minutes of testing, the gas 
regulator pressure was 15 psi and 10 psi for the two tanks, respectively. 

Test 2 was performed at a lower flow rate than test 1 and 
terminated after 3 hours and 40 minutes. 

The data for the second test is given in Table II. 
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TABLE II (Test 2) 

Tank 2-A Tank 2-B 

SN 15063C SN 15005C 

(Lattice Foil Insert) (Standard Tank) 



12.75 
20.00 
32.75 
15.50 
17.25 
101,567 



Empty weight (lbs.) 14.75 
Propane (lbs.) 20.00 
Initial weight (lbs.) 34.75 
Final weight (lbs.) 17.00 
10 Propane used (lbs.) 17.75 
Average BTU/hour * 104,55 1 

* 21,591 BTU/lb. 

The inital pressure of the regulators was 30 psi. At the conclusion 
of the "test, the tank containing the insert exhibited a higher regulator 

15 pressure (5.8 psi versus 5.2 psi) and a greater amount of fuel was produced 
(17.75 lbs. versus 17.25 lbs.). 

In summary there has been shown and described an improved 
apparatus and process for providing a passive heating method for vaporizing 
liquid fuel within a tank, whereby the heat of vaporization is readily and 

20 safely supplied from the ambient environment by utilizing a metallic foil 
tank insert in the form of a rolled lattice sheet positioned in conductive 
contact with the tank wall and the liquid fuel, thereby improving pressure 
and gas flow. 
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" CLAIMS 

We. claim: 

1. An improved tank apparatus for improving vaporization of liquid 

stored therein comprising: 

a closed tank member having a valve arranged on one end 
thereof for selective access to the contents of said tank; 

a heat conductive insert within said tank for transmitting heat 
by conduction from said tank member to the liquid whereby heat for 
vaporization is conducted to said liquid. 

2- A method for improving vaporization of liquid stored within a 

tank comprising: 

inserting within the tank a heat conducting member for 

transmitting heat from said tank to the liquid; 
storing liquid within the tank; 

selectively withdrawing vaporized liquid from the tank. 

3. The' tank apparatus of Claim 1 wherein said heat conductive 
insert comprises. a metallic foil member. 

4. The tank apparatus of Claim 3 wherein said heat conductive 
insert' further comprises a metallic foil lattice member. 

5. The tank apparatus of Claim 4 wherein said heat conductive 
insert comprises a rolled metallic foil lattice sheet. ^ 

6- The tank apparatus of Claim 4 wherein said tank insert comprises 
multiple layers of a metallic foil lattice sheet. 

7. The method of Claim 2 further comprising the first step of 
rolling a metallic foil lattice sheet to form a heat conduction member. 

8. The method of Claim 2 further comprising the first step of 
forming an insert of multiple layers of a metallic foil lattice sheet. 
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